Aims/hypothesis At the same level of BMI, white people have less visceral adipose tissue (VAT) and are less susceptible to developing type 2 diabetes than Japanese people. No previous population-based studies have compared insulin resistance and insulin secretion between these two races in a standardised manner that accounts for VAT. We compared HOMA-IR, HOMA of beta cell function (HOMA-β%) and disposition index (DI) in US white men and Japanese men in Japan. Methods We conducted a population-based, cross-sectional study, comprising 298 white men and 294 Japanese men aged 40-49 years without diabetes. Insulin, glucose, VAT and other measurements were performed at the University of Pittsburgh. We used ANCOVA to compare geometric means of HOMA-IR, HOMA-β% and DI, adjusting for VAT and other covariates. Results White men had higher HOMA-IR, HOMA-β% and DI than Japanese men, and the difference remained significant ( p<0.01) after adjusting for VAT (geometric mean [95% CI]): 3.1 (2.9, 3.2) vs 2.5 (2.4, 2.6), 130.8 (124.6, 137.3) vs 86.7 (82.5, 91.0), and 42.4 (41.0, 44.0) vs 34.8 (33.6, 36.0), respectively. Moreover, HOMA-IR, HOMA-β% and DI were significantly higher in white men even after further adjustment for BMI, impaired fasting glucose and other risk factors. Conclusions/interpretation The higher VAT-adjusted DI in white men than Japanese men may partly explain lower susceptibility of white people than Japanese people to developing type 2 diabetes. The results, however, should be interpreted with caution because the assessment of insulin indices was made using fasting samples and adjustment was not made for baseline glucose tolerance. Further studies using formal methods to evaluate insulin indices are warranted. 
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Introduction
White people are less susceptible to developing type 2 diabetes than Asians (including Japanese) for any given level of BMI or waist circumference [1] . Moreover, white people have less visceral adipose tissue (VAT) than Japanese people in Japan for any given BMI or waist circumference [2] . In terms of pathophysiology, VAT is more strongly associated with increased insulin resistance than is BMI, because VAT is associated with excess fat deposition in the liver and enhanced proinflammatory cytokine production [3] . However, no previous population-based studies have compared insulin resistance or insulin secretion in white people in the USA and Japanese people in Japan after adjusting for VAT. A few volunteer-based studies have compared white and Japanese Americans [4] [5] [6] and one study compared white people in Denmark and Japanese people in Japan [7] , after adjusting for BMI. However, the results of these studies were inconsistent. Most of these studies used HOMA indices for measuring insulin resistance and insulin secretion [4, 5, 7] . Although assessment of HOMA-IR and HOMA of beta cell function (HOMA-β%) is performed using fasting samples, HOMA-IR and HOMA-β% are the most extensively used methods for evaluating insulin resistance and insulin secretion in epidemiological studies [8] .
A recent meta-analysis indicated a similar disposition index (DI), i.e. insulin secretion and insulin resistance, among healthy glucose-tolerant participants of several races, including white people and East Asians (including Japanese) [9] . According to this meta-analysis, white people have higher insulin resistance and insulin secretion than East Asians that leads to a similar DI in the two races [9] . However, the sample sizes of the studies in East Asians were very small [9] . In this study, we hypothesise that white men are more insulin resistant, secrete more insulin and have higher DI than Japanese men at the same level of VAT. These differences may partly explain the lower susceptibility of white than Japanese people to type 2 diabetes at a given BMI. To test this hypothesis, we compared HOMA-IR, HOMA-β% and DI in population-based samples from 298 US white men and 294 Japanese men in Japan aged 40-49 years who were participants in the EBCT and Risk Factor Assessment among Japanese and U.S. Men in the Post World War II Birth Cohort (ERA JUMP) study.
Methods
Study population We have previously described the method of participant selection in detail elsewhere [10] . Briefly, we randomly selected 310 white men from Allegheny County, Pennsylvania, USA and 313 Japanese men from Kusatsu, Shiga, Japan from 2002 to 2006. Exclusion criteria included coronary heart disease, stroke, type 1 diabetes and other severe diseases. Informed consent was obtained from all the participants. Our study was designed to examine differences in subclinical atherosclerosis measures, such as intima-media thickness of the carotid artery and coronary artery calcium, between white men and Japanese men, with adequate power. For the current analyses, we excluded 31 participants (12 white and 19 Japanese men) with type 2 diabetes, defined as fasting glucose levels ≥7 mmol/l or use of medications for type 2 diabetes [11] . These individuals were excluded because HOMA-IR does not provide an accurate measure of insulin resistance among individuals with type 2 diabetes [12] . The final sample consisted of 592 men: 298 white men and 294 Japanese men. Of the 592 men, 348 (147 white men and 201 Japanese men) had impaired fasting glucose (IFG), defined as fasting glucose levels ≥5.6 mmol/l [11] . The study was approved by the Institutional Review Boards of the University of Pittsburgh, Pittsburgh, USA and the Shiga University of Medical Science, Otsu, Japan.
Study protocol All participants underwent a physical examination and a laboratory assessment, and completed a self-administered questionnaire, as described previously [10] . Body weight and height were measured while the participants were wearing light clothing without shoes. BMI was calculated as weight (kg)/height squared (m 2 ). Blood pressure was measured in the right arm of the seated participants after they emptied their bladder and sat quietly for 5 min, using an automated sphygmomanometer (BP-8800; Colin Medical Technology, Komaki, Japan) and an appropriate sized cuff. The average of two measurements was used in the analyses. Participants were considered smokers if they reported current use of cigarettes or having stopped smoking within the past 30 days. Participants were considered alcohol drinkers if they consumed alcohol ≥2 days per week. Physical activity was defined as participants exercising for ≥1 h per week. Participants were considered to have a family history of type 2 diabetes if either their father or mother had self-reported type 2 diabetes. Venipuncture was performed early in the clinic visit after a 12 h fast. Serum and plasma samples were stored at −80°C and shipped to the University of Pittsburgh. Serum/plasma samples were assayed for glucose, insulin, lipids (including triacylglycerol, LDL-cholesterol and HDL-cholesterol), C-reactive protein (CRP) and adiponectin as described previously [10] .
VAT was determined at the level between the fourth and fifth lumbar vertebrae, using CT images obtained with the same apparatus at each site using a GE-Imatron C150 scanner (GE Medical Systems, South San Francisco, CA, USA) [13] . All CT images were analysed at the University of Pittsburgh by one trained reader using image analysis software (AccuImage Diagnostic, San Francisco, California). To determine the respective area of VAT and subcutaneous adipose tissue, a separation line was drawn manually using a cursor along the abdominal wall musculature in continuity with fascia of the paraspinal muscle. The reproducibility of the scans had an intraclass correlation of 0.90.
Insulin resistance was estimated from fasting samples as HOMA-IR using the approximated equation of Matthews et al [14] . Insulin secretion (beta cell function) was also obtained from fasting samples, as HOMA-β% using the approximated equation of Matthews et al [14] . At any given time, insulin secretion depends on the level of insulin resistance; therefore, DI, estimated as HOMA-β%/HOMA-IR, provides a better assessment of insulin secretion than only considering HOMA-β% [15] .
Statistical analyses
We calculated race-specific means (±SD), medians (interquartile range) or geometric means (95% CI) for continuous variables based on their distributions. Proportions were estimated for categorical variables. Means, geometric means, medians and proportions of the variables were then compared between white and Japanese men using t tests, Mann-Whitney U tests or χ 2 tests as appropriate. CRP and adiponectin were log converted for non-normal distributions. We used ANCOVA to compare geometric means of HOMA-IR, HOMA-β% and DI between white and Japanese men, adjusting for VAT. Insulin resistance is determined by factors other than VAT, such as smoking [16] , alcohol consumption [16] , physical activity [16] , lipid medications [17] , and levels of CRP [18] and adiponectin [19] . Moreover, individuals with IFG have higher insulin resistance and insulin secretion than individuals without IFG [20] . Therefore, we compared HOMA-IR, HOMA-β% and DI between white and Japanese men after further adjustment for BMI, smoking, alcohol, physical activity, lipid medications, IFG, and levels of CRP and adiponectin. We also performed sensitivity analyses on participants with normoglycaemia and IFG to examine how HOMA-IR, HOMA-β% and DI differ between the two races in these subgroups. All p values were two tailed. P values of <0.01 were considered significant. All statistical analyses were performed using SAS software version 9.3 (Cary, NC, USA). Table 1 shows the characteristics of the study population. White men had significantly higher BMI, VAT, fasting insulin levels and CRP levels than Japanese men. White men were significantly more physically active, had higher adiponectin levels and lipid medication use than Japanese men. In addition, white men had a significantly lower prevalence of smoking, alcohol consumption, hypertension and IFG, and lower levels of glucose than Japanese men. Electronic Supplementary Material [ESM] Table 1 shows the characteristics of the participants with normoglycaemia and ESM Table 2 shows the characteristics of the participants with IFG.
Results
White men had significantly higher HOMA-IR (Fig. 1a, b) , HOMA-β% (Fig. 1c, d) and DI (Fig. 1e, f ) than Japanese men, both before and after adjusting for VAT. Even after further adjustment for BMI, smoking, alcohol, physical activity, lipid medications, IFG and levels of CRP and adiponectin, white men had higher HOMA-IR, HOMA-β% and DI than Japanese men ( Table 2) .
In sensitivity analyses, HOMA-IR, HOMA-β% and DI were significantly higher in white than Japanese men in both subgroups (normoglycaemia and IFG) before (ESM Fig. 1a , c, e) and after adjusting for VAT (ESM Fig. 1b, d, f ) . After further adjustment for BMI, smoking, alcohol, physical activity, lipid medications, and levels of CRP and adiponectin, HOMA-IR, HOMA-β% and DI were still higher in white men than Japanese men in both subgroups, but the difference was not statistically significant (ESM Tables 3 and 4) .
Discussion
This population-based study is the first to compare VAT-adjusted HOMA-IR, HOMA-β% and DI in US white men and Japanese men in Japan in a standardised manner. White men were more insulin resistant than Japanese men, with a significantly higher HOMA-IR both before and after adjusting for VAT. White men also had higher insulin secretion with a significantly higher HOMA-β%, and higher insulin secretion relative to insulin resistance with a significantly higher DI than Japanese men, both before and after adjusting for VAT.
Most of the studies evaluating differences in insulin indices between white and Japanese individuals have examined differences between white people from the USA and Japanese Americans [4] [5] [6] . However, it is important to make a distinction between Japanese Americans and Japanese in Japan because insulin resistance is determined not only by genetics [21] but also by metabolic factors such as obesity [22] and abdominal fat deposition [3] . Japanese Americans have a more Westernised lifestyle and thus have much higher BMI, VAT and prevalence of type 2 diabetes than Japanese living in Japan [23, 24] .
Previous comparisons of insulin resistance between white and Japanese individuals have produced inconsistent results.
In accordance with our findings, one study reported higher insulin resistance in US white people than Japanese Americans, measured using HOMA-IR among first-degree relatives of individuals with type 2 diabetes, both before and after adjusting for BMI [4] . Similarly, a recent hospital-based study found higher insulin resistance in white people from Denmark than Japanese in Japan, as estimated by HOMA-IR and the Matsuda index in the unadjusted analyses [7] . However, after adjusting for BMI in this study, the significant difference in insulin resistance between the two races attenuated and became nonsignificant. In contrast to our findings, two studies reported lower insulin resistance in US white people than Japanese Americans. One study reported lower insulin resistance in white than Japanese American women without diabetes, as measured by the HOMA index [5] . Similarly, another study reported lower insulin resistance in white people than Japanese Americans, measured by the hyperglycaemic clamp among normal glucose tolerant participants [6] . However, all the above-mentioned studies were volunteer-based; most of the studies were small, and adjusted for only BMI in the comparison of insulin resistance between the races. The interpretations of these studies are thus limited.
We observed higher HOMA-β% (beta cell response or insulin secretion) in white than Japanese men both before and after adjusting for VAT. Our finding of higher insulin secretion is in accordance with higher insulin secretion in white than Japanese Americans in two earlier studies [4, 5] .
In disagreement with our study findings, two studies found similar levels of insulin secretion in white and Japanese people [6, 7] . Smoking has been inversely associated with impaired insulin secretion in Japanese individuals in a prospective study [25] . Similarly, we found a significant inverse association of pack years of smoking with HOMA-β% in Japanese but not in white men (data not shown). Furthermore, in contrast to our study, previous studies did not find any difference in DI between white and Japanese people [4, 6, 7] . Nevertheless, as mentioned earlier, these studies were volunteer-based. After adjusting for VAT and other covariates, the higher DI in white than Japanese men suggests that insulin resistance is better compensated for in white individuals. This difference may partly explain the lower susceptibility of white than Japanese people to type 2 diabetes. However, higher DI in white than Japanese people at a given BMI suggests that white people have longer periods of exposure to hyperinsulinaemia before onset of diabetes than Japanese people. As hyperinsulinaemia is associated with increased atherosclerosis [26] , longer exposure to hyperinsulinaemia in white than Japanese people before onset of type 2 diabetes would translate into higher incidence of CHD in white than Japanese individuals. In line with this reasoning, white people with diabetes have a higher incidence of CHD than Japanese people with type 2 diabetes who live in Japan [27, 28] .
The strengths of our study include that it is the first population-based international study that compared VAT-adjusted insulin resistance and secretion between white people in the USA and Japanese in Japan in a standardised manner. Our study has some limitations. The participants were men aged 40-49 years. Therefore, it is unknown whether our results can be generalised to other age groups or women. As HOMA-IR and HOMA-β% are determined from fasting samples, these essentially provide an estimate of hepatic insulin resistance and nonstimulated insulin secretion. Moreover, HOMA-IR provides a better assessment of insulin resistance in overweight and obese participants than normal-weight participants without diabetes [29] . Insulin secretion measured using HOMA-β% does not account for factors other than glucose that determine beta cell function, such as amino acids, nonesterified fatty acids, cortisol, growth hormone, etc. [30] . Furthermore, HOMA-β% underestimates insulin secretion, especially in individuals with IFG or impaired glucose tolerance (IGT) [31] . Despite the limitations, HOMA-IR and HOMA-β% are the most extensively used markers of insulin resistance and beta cell function in epidemiological studies and are widely used for comparing insulin resistance and insulin secretion among various races in population-based studies [32] [33] [34] .
DI is assumed to be hyperbolic (the constant product of insulin sensitivity and insulin secretion) for individuals with the same degree of glucose tolerance [35] . However, we are unable to comment on the glucose tolerance state of the participants, as we did not perform the OGTT. Thus, it is possible that some of the participants with normoglycaemia may have had IGT, which would not be accounted for by adjusting for IFG [20] . Furthermore, the estimation of DI using HOMA-β% and HOMA-IR provides a less credible index of beta cell function than DI obtained using dynamic methods because both HOMA-β% and HOMA-IR are estimated from fasting samples and thus are interdependent [35] . Therefore, the results should be interpreted with caution.
We did not measure autoimmune antibodies against pancreatic beta cells. These antibodies reduce insulin secretion by destroying beta cells and may be purported as one of the reasons for significantly different DI between white and Japanese people. However, the estimated prevalence of these antibodies is similar among patients with type 2 diabetes in these races [36, 37] . We did not evaluate genetic differences Values are geometric means (95% CI) a Adjusted for visceral adipose tissue, BMI, current smokers, alcohol drinkers, physical activity, lipid medication, IFG, CRP and adiponectin related to insulin resistance or insulin secretion between white and Japanese individuals. To date, there is no conclusive evidence in regard to genetic differences between the two races [7, 21] . In summary, white men appear to have higher insulin resistance, insulin secretion and DI than Japanese men at the same level of VAT and on the basis of fasting levels of glucose and insulin. The higher DI in white than Japanese people may partly explain the lower susceptibility of white than Japanese individuals to type 2 diabetes at a given BMI. The reason for the difference in DI between white and Japanese individuals warrants further investigation. These findings need to be confirmed using formal methods for assessing insulin resistance and insulin secretion, such as the hyperinsulinaemic clamp and the intravenous glucose tolerance test.
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